Recently, we have demonstrated that 2-amino-6-vinypurine derivative (1) achieves triplex-forming crosslinking with high selectivity toward the cytosine of the G-C target site. In this study, we have investigated the crosslinking as well as induction of point mutations with the TFO incorporating 1 to a target site in a shuttle vector plasmid that replicates in mammalian cells. It was revealed that the TFO bearing 1 introduced mutations at the site of crosslinking. These results have suggested that the selective cross-linking with 1 might be useful for development of new biotechnology for targeted-mutagenesis.
INTRODUCTION
Triple helix-forming oligonucleotides (TFOs) bind the duplex DNA within the major groove of homopurine/homopyrimidine stretch in a sequence specific manner". Triplex formation has been shown to prevent binding of transcription factor at the promoter site to block RNA synthesis. It has been reported in a recent work that triplex-forming oligonucleotides linked to psoralen caused targeted-mutagenesis in a specific gene in vitro and in vivo 2) .
Fig.l. The Reaction of 1 with the Flipping Cytosine
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Recently, we have demonstrated that the new nucleoside derivative (1) achieves triplex-forming cross-linking with high selectivity toward the cytosine at the G-C target site ( Fig.l) 3) . Here we wish to report that TFOs bearing 1 achieve site-specific mutagenesis to a specific gene in repair-deficient human cells.
RESULTS AND DISCUSSION
Chemistry
The sequences of the reactive oligomer in this study are shown in Fig.2 . The TFOs were designed to form a triplex with a target sequence of the shuttle vector plasmids, which contained supF mutation marker gene. In these experiments, 2'-O-methoxy (2'-OMe) and deoxy sugar residues were employed to construct reactive TFOs. 
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It was expected that the introduction of 2'-OMe sugar residues would enhance the triplex stability and increase the reactivity of the TFOs 4) . These reactive oligomers were synthesized according to the previous procedure 3 '. The reaction of each TFO for the target in vitro was determined both by gel shift assay using 32 P-labeled oligomer and by a Parallel Triplex restriction enzyme protection assay using the plasmid. These results showed that the 1-bearing ODN (2-5) reacted to both targets in 20-30 % yields in vitro. The reactivity of each reactive oligomer (2-5) was not significantly different. The reacted bases of the target plasmids with TFOs (2-5) were determined by polymerase stop reaction, and it was confirmed that the TFO (2 and 3) reacted with the cytosine and the TFO (4 and 5) cross-linked with the adenine within the pyrimidine tract at the complementary position toward 1.
Mutagenesis assay.
Targeted-mutagenesis in mammalian cells was studied by using two shuttle vectors and reactive TFOs (2-5). The shuttle vectors contain the supF gene, an amber suppressor tyrosine f-RNA gene of E coli as a mutation reporter. The shuttle vector plasmids, supF12 and pNS14, were constructed with a variant, but functional, supF mutation marker gene containing the triple helix region placed in the 5' pre-rRNA region of the gene with the reaction sites embedded of the mature rRNA gene. After the reaction between shuttle vectors and reactive oligomers, these vectors bound to the TFO were transfected into the SVXPA cells, which have a defect in nucleotide excision repair. After replication and mutagenesis, the vector DNA was harvested from the cells for genetic analysis of the supF gene via bacterial transformation.
Mutant colonies, containing inactivated supF genes were detected as white colonies among the wild-type blue ones. The mutant colonies, which had inactivated supF gene, were purified and the plasmids were isolated for DNA sequence analysis.
Mutations.
Mutation frequency (the number of white colonies/total colonies) is 0.2-0.3 % with all reactive TFOs (2-5). The sequences of the mutations generated in the cell using the reactive TFO were determined (Fig. 3) . The spectrum of the mutations produced by the TFOs bearing 1 indicates that almost all mutations were caused by the reaction between 1 and cytosine or adenine at the complementary site toward 1. TFO (5) containing deoxyribose induced the mutations at the reactive site and nearby this position. On the other hand, all mutations induced by reactive TFO (4) constructed of 2'OMe RNA were A»T to G«C transition. With reactive TFOs (2) and (3), the mutations were observed only at cytosine but more than one kind of base change at this position. Recently error prone polymerases have been described. These are involved in bypass replication and mutagenesis of DNA adducts. We suppose that one or more of these polymerases are responsible for the mutagenesis in this study. 
CONCLUSION
In summery, we have demonstrated that the TFOs bearing 1 induce the mutations in mammalian cell. The spectrum of these mutations indicates that almost all mutations were targeted-ones by the triple helix triggered reaction. These results have suggested that the selective cross-linking with 1 might be useful for development of new biotechnology for targeted-mutagenesis.
